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Inorganic elementsAbstract A total of 96 illicit heroin samples seized in 2013–2014 were analyzed by inductively cou-
pled plasma-mass spectrometry (ICP-MS) to determine 16 inorganic elements at parts-per-billion
(ppb) level. Of eleven submissions, two or three samples with similar appearance were taken from
the same seizure to form related samples. These samples were used to monitor the clustering out-
come suggested by principal component analysis (PCA). They provided hints regarding the accep-
tance of within-seizure variability in-situ. The previously established data pretreatment method
(N+4R) did not function well with the present data probably due to the higher concentrations
reported for the current samples. With the aid of the above-cited related samples for pattern mon-
itoring, a better outcome was achieved when the pretreatment method was modiﬁed to employ
solely standardization (S) to optimize the necessary variability for sample classiﬁcation.
ª 2015 The International Association of Law and Forensic Sciences (IALFS). Production and hosting by
Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).1. Introduction
Elements are ubiquitous. In drug proﬁling, an elemental proﬁle
is only one of the various signatures to be used in discerning
one sample from another. From the corpus of literature per-
taining to heroin proﬁling, a lot have been done to trace
organic impurities.1–8 Recent studies have started to shed light
on elemental compositions.In the study conducted by C¸opur et al., 10 inorganic ele-
ments in the poppy straw obtained in Turkey were successfully
determined with the aid of scanning electron microscopy with
energy dispersive spectrometry (SEM/EDS).9 Inductively cou-
pled plasma-mass spectrometry (ICP-MS) was demonstrated
to be powerful in identifying 73 trace elements present in
Southeast Asian and non-Southeast Asian samples.10 In
Malaysia, the same technique was validated and applied to
heroin samples seized in 2010.11–13 In the same vein, ICP-MS
data also proved to be able to provide sufﬁcient discriminative
power to segregate heroin samples from Golden Triangle and
Golden Crescent.14 Another commonly employed technique,
namely atomic absorption spectrometry (AAS) likewise
presented sufﬁcient capability in quantifying trace elements
in illicit heroin.15,16 More speciﬁc data with a higher level of
276 K.-W. Chan et al.capability to trace the sample origin could be yielded by study-
ing isotopes of carbon and nitrogen present in heroin.17–19
As emphasized by Chan et al.,12 inorganic elements present
in street doses of heroin are particularly useful in linking her-
oin samples at the street-level rather than the source-level,
owing to the multistage contamination the samples have
undergone. From a bulk volume of heroin that is ready for dis-
tribution, a great number of samples will be dispensed widely.
These samples will show similar elemental compositions if the
post-distribution contamination is insigniﬁcant. Conversely,
samples from different bulks often exhibit markedly different
elemental proﬁles. As elements are present elsewhere, the expo-
sure of the same sample to two slightly different environmental
settings will most likely result in different degrees of elemental
contamination. Hence, the within-bulk variability is expected
to be quite noticeable as far as inorganic elements are con-
cerned, let alone the between-bulk variability since the samples
of these bulks tend to undergo a much greater degree of con-
tamination in different environments.
There is a cut-off level for elemental proﬁles of different
bulks to show disparities at the street-level. Fig. 1 illustrates
that such a level can be estimated from the summed differences
shown by ‘likely related’ and ‘likely unrelated’ samples. This
study assumes that some degree of dissimilarity shown by
the ‘likely related samples’ is attributed to within-bulk variabil-
ity, largely arising from internal inconsistency (e.g. non-
homogeneity) within the bulk. The differences in the physical
or/and chemical characteristics owned by the ‘likely unrelated
samples’ would render a slightly larger degree of dissimilarity,
noting that these samples could be from the same bulk but
having undergone different degrees of contamination after
they have been dispensed from the main bulk. Such samples
cannot be grouped back to their original bulks since their ele-
mental proﬁles have been altered. The signiﬁcant extent of
such contamination will eventually segregate the dispensed
samples into different groups. Signiﬁcantly different elemental
proﬁles are normally ascribed to the between-bulk variability
which is useful in differentiating samples from unrelated bulks.
Prior to analysis, all seizures in this study were treated as if
they were unrelated bulks. A good clustering technique should
be able to minimize within-bulk variability to include truly
related samples and maximize between-bulk variability to
exclude truly unrelated samples. To assess this variability, it is
more practical to use within-seizure variability and between-
seizure variability as a guide to estimate the cut-off level.Similar samples from 
different packages 
within the same seizure
Samples from the same 
package
Strongly related Likely related
Cut-off le
Figure 1 Levels of relationship for differenStreet-level classiﬁcation is useful in estimating if the heroin
samples seized from the street are similar, thereby originating
from the same bulk. If a large number of samples seized from
different parts of the country show a high degree of similarity,
this would signify how widely/frequently a retailer has oper-
ated to sell the same bulk within the country.
The combination of normalization and quadratic root,
N+4R (each element is divided by the sum of elements and
application of quadratic root to the normalized data) was
found to be practically useful in linking related samples at
street level using principal component analysis (PCA) and hier-
archical cluster analysis (HCA).12–14 This was validated using
48 samples with known relationships. As part of a continuous
effort in drug proﬁling, this study seeks to evaluate the practi-
cality of the established pretreatment method by monitoring
related samples from eleven seizures to verify the clustering
outcome. The study also demonstrates a logical step as to
how to utilize case samples in-situ for performance checking.
2. Experimental
2.1. Reagents and chemicals
A stock of nitric acid (<70%) of ultrapure reagent grade was
commercially obtained from J.T. Baker (Canada).
Sixteen elements were chosen as target analytes. Eleven minor
elements (aluminum, Al; arsenic, As; barium, Ba; cadmium, Cd;
chromium, Cr; copper, Cu; manganese, Mn; nickel, Ni; lead, Pb;
selenium, Se and zinc, Zn) each at 10 ppm, in an Instrument
Check Standard I was purchased from SPEX CertiPrep (U.K)
(Note: antimony, Sb in the mixture was not included in the anal-
ysis). Individual stock standards of major elements, namely
sodium, Na; magnesium, Mg; potassium, K; calcium, Ca and iron,
Fe and four internal standards (IS) including scandium, Sc; rho-
dium, Rh; indium, In and bismuth, Bi, each at 1000 ppm were
commercially supplied by Fisher Scientiﬁc (U.S.A).
2.2. Inductively coupled plasma-mass spectrometer11–13
A Perkin Elmer SCIEX ELAN DRC-e inductively coupled
plasma-mass spectrometer (ICP-MS), equipped with an
ASX-520 autosampler was used in this study. The argon aux-
iliary gas, argon plasma and nebulizer gas ﬂows were main-
tained at 1.2 L min1, 15 L min1 and 0.82 L min1from different seizures
Samples look different 
and from different 
seizures
Likely unrelated Strongly unrelated
vel
Samples appear 
slightly similar but 
t kinds of samples seized at street-level.
Table 1 Operating parameters for ICP-MS.
Parameter Condition
Nebulizer gas ﬂow/L min1 0.82
Argon Auxiliary gas ﬂow/L min1 1.2
Argon plasma gas ﬂow/L min1 15
Lens voltage/V 6
ICP radiofrequency power/W 1550
Analog stage voltage/V 1850
Pulse stage voltage/V 950
Sampler cone Ni
Skimmer cone Ni
Nebulizer Ryton, double-pass Scott-type
spray chamber and the
GemTip Cross-ﬂow
Scanning mode Peak hopping
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(Table 1).
2.2.1. 1% HNO3 as dissolving solution
Approximately 14.3 mL nitric acid was diluted with deionized
water generated from an Elga Maxima (18.2 MX) ﬁlter to
obtain 1 liter of 1% HNO3.
2.3. Standard preparation
An appropriate amount of solution was withdrawn from the
stock solution and diluted with 1% HNO3 to prepare three stan-
dard solutions in the following concentrations: Standard 1 (minor
elements 0.01 ppm, major elements 0.1 ppm), Standard 2 (minor
elements 0.02 ppm, major elements 1.0 ppm) and Standard 3
(minor elements 0.1 ppm, major elements 10.0 ppm). Three stan-
dards were used to perform daily calibration check.
A mixture of four ISs was prepared in a large tank at
0.01 ppm each. The instrument was supplied with the IS mix-
ture from this external source.
2.4. Heroin sample preparation
A total of 96 heroin samples seized in 2013–2014 in Malaysia
were collected for investigation. For the submission/seizure
that contained more packages, individual samples were taken
from 2 or 3 packages to form related samples. These related
samples constituted 11 groups (equivalent to 11 seizures),
which were used to evaluate within-seizure variability and
between-seizure variability.
Approximately 30 mg of each sample was weighed and
diluted with 10 mL of 1% HNO3 in a 15 mL pre-rinsed plastic
tube. The solution was shaken vigorously and sonicated for
>10 min. For samples showing undissolved particles in the
solution, the particles were allowed to settle at the bottom
and the clear solution was slowly transferred to another plastic
tube. Each sample solution was analyzed in duplicate.
2.5. Data manipulation
All data were reported at parts-per-billion (ppb) level. The
duplicate runs were computed to obtain a mean value for each
element. Simple data manipulation was performed using the
Microsoft Excel program. Multivariate analysis was done with
the aid of Minitab 15.3. Results and discussion
3.1. Descriptive data
Table 2 displays the descriptive data for the concentrations of
16 elements found in the samples. As indicated by the standard
deviation (SD), the 96 samples showed a wide range of concen-
trations for most of the elements. In contrast with the elemen-
tal compositions of heroin samples seized in 2010,12 this set of
data presented relatively higher elemental concentration levels
in heroin samples seized in 2013–2014. This infers that the con-
tamination level was much greater in the recent years.
The marked difference between the maximum and the third
quartile (Q3) indicates the presence of outliers. Hence, it is
more meaningful to use median to measure the central ten-
dency of the data. Sodium and calcium were present in extre-
mely high levels. These elements could have come from the
sodium and calcium containing agents added during the heroin
processing step. Also, it could have originated from water
which is usually added during the cooking process. Other ele-
ments are assumed to be merely from the environment with
which the samples had come into contact before they reached
the laboratory for analysis. Deductively, sodium, magnesium,
potassium, calcium and iron determined in this study are
assumed to have originated from water because tap water nat-
urally contains these elements at high levels. In addition,
arsenic recorded a high median value. This element is said to
be from other sources rather than water.
3.2. Evaluation of previously established pretreatment method
This study did not include any deliberately designed control
samples for statistical validation. Although statistical control
samples are useful,20 their presence (especially those with
extreme values) can inﬂuence the roles of variables in the data
set since the relative distances between data points are data
dependent. To minimize this risk, we adopted a more realistic
analytical procedure by focusing on the real case samples alone.
The role of control samples was performed by the related
samples collected from the 11 seizures (henceforth 11 groups).
The previous studies11,13 reported N+4R as the optimum
pretreatment method for ICP-MS data for illicit heroin seized
in Malaysia. Current data were statistically pretreated in the
same way prior to PCA. Subsequently, the performance was
veriﬁed by examining if the related samples from the pre-
identiﬁed groups were successfully clustered with each other.
The outcome presented in Fig. 2 shows that samples 3, 8
and 9 failed to link with their respective counterparts. Many
samples were too closely clustered in the main region. Hence
aggregation of certain samples (samples 3, 8 and 9) and segre-
gation of most samples (samples 2, 4, 7, 10 and 11 in the main
region) were not ideal. The propositions for this are that: (a) if
samples 3, 8 and 9 are truly related, they should be clustered in
the main region as well; (b) there should be some degree of
within-seizure variability for samples 2, 4, 7, 10 and 11.
By employing N+4R pretreatment, both the within-seizure
variability and between-seizure variability were too negligible
in the main region. The failure could be due to the different
nature of data (e.g. increased concentration levels of inorganic
elements) obtained in this study, which rendered undesirable
distortion in the overall pattern.
Table 2 Descriptive data of 16 elements found in 96 heroin samples.
Element Ion, m/z Mean SD Minimum Q1 Median Q3 Maximum
Na 23 4.67 · 1011 3.12 · 1011 1436 66029 6.74 · 1011 6.99 · 1011 >6.99 · 1011
Mg 24 1607.0 6522.0 21.0 139.0 239.0 399.0 58309.0
Al 27 199.0 1300.0 5.0 14.0 24.0 59.0 12694.0
K 39 1910.0 3290.0 50.0 703.0 1288.0 2114.0 27767.0
Ca 44 61775.0 315007.0 1366.0 4357.0 6299.0 8545.0 2544607.0
Cr 52 3.0 9.0 0.00 0.00 0.1 2.3 78.1
Mn 55 72.6 26.6 24.2 53.4 69.7 85.2 194.1
Fe 57 195.0 175.5 9.2 86.2 146.5 216.9 796.0
Ni 60 544.0 2447.0 0.0 0.0 0.0 96.0 18158.0
Cu 63 9.5 21.2 0.5 1.9 3.1 8.5 138.7
Zn 64 16.1 14.7 1.9 6.7 9.8 19.3 59.9
As 75 281.6 426.5 40.5 95.1 168.0 256.6 3310.6
Se 82 1.1 1.6 0.0 0.2 0.6 1.3 7.6
Cd 114 0.5 0.4 0.0 0.2 0.4 0.7 1.7
Ba 138 19.8 27.1 2.0 7.3 10.9 20.7 147.8
Pb 208 3.1 5.3 0.2 1.2 1.7 2.9 42.0
Figure 2 Scoreplot of 16 elements pretreated with N+4R for 96
samples (only related samples from 11 groups are shown, the
remaining samples are made invisible).
Figure 3 Score plot of 16 elements pretreated with S for 96
samples (only related samples from 11 groups are shown, the
remaining samples are made invisible).
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The best pretreatment method that is able to minimize within-
batch variability and maximize between-batch variability was
revised. On a trial-and-error basis, a simple pretreatment
involving standardization (S) of the original data in ppb
resulted in a better clustering outcome. The 11 groups showed
clearer relationships although some related samples were
slightly far apart from one another on the score plot (Fig. 3).
The distance between the related samples is acceptable as far
as within-seizure variability is concerned. Since the related
samples were taken from different packages, perfect match is
by no means reasonable because the samples were contained
in slightly different environments (e.g. the packages). The
pre-identiﬁed groups were close by on the score plot probably
because they were truly related to some extent. In this study,
the between-seizure variability cannot be used to judge thesuggested relationships because true unrelated samples were
not incorporated in the data set.
3.4. Clustering of the samples
Fig. 4 illustrates the relationships among the 96 samples. As
mentioned earlier, the between-seizure variability was accept-
able as other case samples from different seizures might have
even closer relationships with those related samples. This in
turn suggests the within-bulk variability, whereby the closely
linked samples were from the same bulk but distributed in dif-
ferent packages.
Many of these samples were closely related in Fig. 4. To
address the question regarding how far apart two data points
should be for one to conclude the samples as ‘unrelated’, it can
be done by evaluating the longest distance shown by the
related samples in Fig. 3 as the minimum cut-off level. The dis-
tance serves to estimate the within-seizure or within-bulk vari-
ability for the samples. Any signiﬁcant distance that exceeds
the longest distance of the related samples will be regarded
as ‘unrelated’.
Figure 4 Score plot of 16 elements pretreated with S for 96
samples (the numeral in bracket is the case sample ID No.).
Street-level classiﬁcation of illicit heroin 279In this study, clusters 6, 7 and 8 in Fig. 3 were used as
guides/criteria to estimate the relationships of other samples
since these three groups offered the largest within-seizure vari-
ability. For example, samples (24) and (81) in Fig. 4 could be
related because their distance is shorter than the criteria dis-
tances. However, samples (24) and (81) are too far apart from
samples (16) and (17), and hence they are most likely unrelated
and not from the same bulk.
Fig. 4 also portrays that many samples are closely clustered
in the main region within the criteria distance. So it can be
deduced that these samples distributed within Malaysia were
most likely from the same bulk(s). The retailer had operated
quite widely to sell the products originating from these bulks.4. Conclusion
ICP-MS remains a sensitive technique to detect traces of
inorganic elements present in illicit heroin samples. No sin-
gle pretreatment method is foolproof. So the previously
established pretreatment method was modiﬁed to suit the
current data. Besides, a logical step in monitoring a cluster-
ing outcome was demonstrated by using a set of case sam-
ples with known relationships. A large number of the case
samples were found to be related. This infers that the retai-
ler had operated quite widely in Malaysia to sell the same
bulk(s) of heroin.5. Funding
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